of antimicrobial therapy. Few effective prevention tools exist. Development of a GAS vaccine is challenging because of the vast number of emm types (1100) [4] and because of concerns of potential immunologic cross-reactivity between epitopes in the organism's M protein and human tissue proteins that could trigger acute rheumatic fever or other adverse sequelae [5, 6] . Despite these difficulties, several vaccines are in preclinical phases of testing, and a 26-valent, M protein-based vaccine has successfully completed a phase 2 trial involving adults [7] [8] [9] . In the United States, a GAS vaccine is likely to be marketed on the basis of its efficacy against pharyngitis in children; however, it should also have an impact on invasive pediatric disease. Although the duration of immunity is unknown, an anamnestic response was seen in a phase 1 study of a recombinant multivalent GAS vaccine [10] .
The Centers for Disease Control and Prevention (CDC) began surveillance for invasive GAS infections in 5 US sites in 1995 as part of the Active Bacterial Core surveillance (ABCs) program of the Emerging Infections Programs Network. We report the epidemiologic characteristics of invasive GAS infection in the United States for 5 years of surveillance (2000) (2001) (2002) (2003) (2004) , evaluate trends in incidence over a longer time frame (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , and estimate the potential impact of a multivalent GAS vaccine.
METHODS

Surveillance.
We reviewed ABCs data on case patients from whom GAS-positive specimens were obtained during the period from 1 January 2000 through 31 December 2004. ABCs is active, population-and laboratory-based surveillance that tracks invasive GAS infections in 10 US sites, covering a 2004 population of 29.7 million persons (∼9.5% of the US population). ABCs methods have been described elsewhere [1, 11] ABCs personnel routinely contacted all participating clinical microbiology laboratories to identify cases. A case was defined as isolation of GAS from a normally sterile site or from a wound specimen obtained from a surveillance area resident with NF or STSS. Case patients who had GAS-positive blood culture results but no identified clinical syndrome were categorized as having bacteremia without a source. The remaining case patients with bacteremia were categorized as having у1 clinical syndrome. To allow comparisons with previously published data from 1995-1999, we categorized clinical syndromes as occurring among 2 age groups: children aged !10 years and persons aged у10 years [1] . Case patients who had undergone surgery in the 7 days before their first positive culture result were considered to be "recent surgery case patients." Nosocomial infections were defined as infections in case patients who were hospitalized at least 48 h before their positive culture result.
Descriptive epidemiology. Descriptive analysis included all cases from 1 January 2000 through 31 December 2004. Unless otherwise specified, incidences are expressed as the number of cases per 100,000 population. We used regional and national intercensus population estimates for each year as the denominator. For national rate estimates, race-and age-specific disease rates were applied from the aggregate surveillance area to the age and racial distribution of the US population for each year. Individuals of unknown race (13%) were distributed by site on the basis of reported race distribution for known cases. Casefatality rates (CFRs) were calculated using outcomes at the time of hospital discharge. To examine incidence trends over time (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , data were restricted to sites used in previous incidence estimates: the 8-county Atlanta area; the 7-county Minneapolis/St. Paul area; the 3-county Portland area; the 3-county San Francisco area; and all of Connecticut [1] .
GAS typing. All available GAS isolates were confirmed and typed at the CDC's Streptococcus laboratory. emm Typing was performed on the basis of restriction analysis of emm gene amplicons or on the basis of sequencing of the variable M serotype-specific region of emm gene amplicons. Concordance has been established between the emm type and M serotype. The protocol for emm typing and a complete, downloadable listing of emm type sequences are available online [4, 12] .
Estimates of vaccine benefit. To estimate the potential benefits of a multivalent vaccine, we used available emm typing results to calculate the proportion of disease cases and deaths due to GAS emm types in the proposed 26-valent vaccine (types 1, 1.2, 2, 3, 5, 6, 11, 12, 14, 18, 19, 22, 24, 28, 29, 33, 43, 59 , 75, 76, 77, 89, 92, 94, 101, and 114) for age groups at highest risk of developing invasive GAS disease: children aged !5 years and adults aged у65 years. We hypothesized that the vaccine efficacy rate would be 84% on the basis of averaged seroconversion rates from immunogenicity (phase I/II) studies among healthy adults [7, 9, 13] , and we hypothesized that vaccine coverage rates would be 70%-90% for infants (on the basis of Haemophilus influenzae type b and pneumococcal vaccination rates [14] ) and 60%-70% for adults у65 years (on the basis of influenza and pneumococcus vaccination rates [15] ). We used the following formula to calculate the number of GAS cases and deaths that could potentially be prevented with a GAS vaccine: efficacy percentage of (%) ϫ coverage (%) ϫ the vaccine emm types in the 26-valent vaccine.
Predictors of death. We evaluated predictors of death using a conditional logistic regression model stratified by ABCs site. Case patients with multiple clinical syndromes were classified in the category of highest severity on the basis of the CFR for each syndrome. In addition, cutaneous and soft-tissue infections were included as one syndrome. Underlying illnesses were grouped into the following 4 categories: no underlying illness, skin condition (e.g., burns, varicella, and wounds), chronic illness (e.g., diabetes and chronic obstructive pulmonary disease), and immunosuppression (e.g., AIDS and asplenia). A person with multiple underlying illnesses was placed in the category of highest severity on the basis of the following decreasing levels of severity: immunosuppression, chronic illness, and skin condition. The model included only case patients for whom information on all variables was available. One site that did not record information on HIV/AIDS status was excluded, as were case patients with unknown ( ) or nontypable n p 148 ( )emm types or with unknown outcomes ( ). Varn p 1 n p 32 iables associated with death ( ) on univariate analysis were P ! .1 entered in the multivariable model and were retained if the P value was !.05. Collinearity and all 2-way interactions were evaluated. All analyses were conducted using SAS software, version 9.1 (SAS Institute). The distribution of unknown race varied by site, ranging from 1% in Maryland to 38% in New Mexico.
RESULTS
Demographic
The average annual incidence for the 5 years of surveillance was 3.5 invasive GAS cases per 100,000 persons (table 1) . Incidence varied by site, ranging from 2.0 to 5.9 cases per 100,000 persons in Georgia and Colorado, respectively, and most sites had slight year-to-year variation. Rates for sites where data were available over a continuous 9-year period showed no significant trend (1996, 3.5 cases per 100,000 persons; 1997, 3.6 cases per 100,000 persons; 1998, 3.5 cases per 100,000 persons; 1999, 3. ). Seasonal variation was ob-P p .2 served, with most disease occurring in the winter and early spring; this same pattern was noted by syndrome and site, with minor variations.
Incidences were highest among patients aged у65 years (9.4 cases per 100,000 persons), followed by children aged !1 year (5.3 cases per 100,000 persons) (figure 1). The incidence was also significantly higher among black patients (4.7 cases per 100,000 persons) than among nonblack patients (3.2 cases per 100,000 persons; OR, 1.5; 95% CI, 1.4-1.6).
The majority of case patients were hospitalized (4915 patients [91%]), and 734 died (CFR, 13.7%). Compared with hospitalized patients, case patients who were not hospitalized presented more frequently with bacteremia (51% vs. 27%; P ! ) and less frequently with cellulitis (20% vs. 38%; .001 P ! ). The outcome was unknown for 32 case patients (0.6%). .001 The CFR was highest in the oldest age group (22.8%) and was lower among black patients (12.1%) than among nonblack patients (14.1%), although this difference was not significant (OR, 0.9; 95% CI, 0.7-1.0). Projecting to the US population, with adjustment for race and age, we estimate that 8950-11,500 invasive GAS infections occurred in the United States annually, resulting in 1050-1850 deaths.
Underlying disease. Underlying disease status was available for 5151 patients (95%); 67% had at least 1 underlying condition, and 35% had at least 2. The most common underlying conditions and definitions are shown in table 2 and include heart disease, diabetes mellitus, and skin conditions. For most conditions, there was significant variation across sites, with the greatest variation noted for alcohol abuse, injection drug use, and skin conditions. There was no significant association between race and underlying condition (OR, 0.9; 95% CI, 0.1-1.1). Case patients aged !10 years were significantly less likely to have an underlying disease (22%) than were those aged у10 years (72%;
). P ! .001 Clinical syndromes. The distribution of clinical syndromes, by age group and CFR (with and without additional syndromes), is presented in table 3. More than one-third (36%) of case patients presented with a cutaneous or soft-tissue infection, 29% presented with primary bacteremia, and 15% presented with pneumonia. Compared with case patients aged у10 years, those aged !10 years were significantly less likely to present with a cutaneous or soft-tissue infection, NF, or endocarditis/pericarditis and were more likely to present with abscesses, osteomyelitis, epiglotitis/otitis media, meningitis, or primary bacteremia. Case patients with STSS, meningitis, NF, or pneumonia had the highest CFRs. Among case patients for whom the information was available (94%), 188 (4%) had recently undergone surgery, 118 (2.6%) were pregnant or had recently given birth, and 275 (6%) had nosocomially acquired infection. The distribution of clinical syndromes was similar among case patients with and without nosocomially acquired infections. GAS was most frequently isolated from blood specimens (4131 patients [77%]). Other sources included joint fluid (8%), surgical specimens (6%), peritoneal fluid (2%), pleural fluid (2%), and wounds (2%). Other sources each accounted for р1% of cases.
emm Sequence types and potential vaccine-preventable disease. A bacterial isolate was available for typing for 4350 case patients (81%); only 1 isolate was nontypable. Distribution of emm types varied by ABCs site and by year. The 30 most common emm types accounted for 95% of isolates (figure 2). emm Types 1 (22%), 3 (9%), 28 (9%), 12 (9%), and 89 (6%) were the most common and cumulatively accounted for 55% of isolates. The 26 most common emm types accounted for 93% of isolates, whereas emm types in the proposed 26-valent vaccine (which includes M types historically associated with acute rheumatic fever) accounted for 79% of all isolates; 85% and 88% of NF and STSS isolates, respectively; and 79% of isolates in patients who died. The proportion of disease accounted for by emm types in the proposed vaccine varied little over 10 years of surveillance (82%, 83%, 81%, 81%, 77%, 74%, 79%, 83%, 81%, and 76% for each year during 1995-2004, respectively) and was similar among children aged !5 years (83%) and adults aged у65 years (85%). When the efficacy and coverage estimates described earlier were applied, a 26-valent vaccine could potentially prevent 49%-63% of invasive GAS infections among children and 43%-50% of cases among elderly persons, with similar decreases in the number of deaths (table 4) . ), infected ulcers, erisypelas, wound infections, phlebitis including thrombophlebitis, lymphangitis, lymphadenitis, n p 1838 bursitis without a GAS-positive joint fluid culture, and gangrene; excludes necrotizing fasciitis.
Predictors of death. Increasing age, residence in a nursing
e Sixty-two case patients (1.2%) presented with both streptococcal toxic shock syndrome and necrotizing fasciitis (combined CFR, 35.5%). f Includes endometritis ( ), septic abortion ( ), chorioamnionitis ( ), and puerperal sepsis ( ). n p 38 n p 6 n p 6 n p 11 g Other includes hemolytic uremic syndrome ( ) and unknown syndromes ( ). n p 2 n p 27 home, and presence of a specific disease syndrome (i.e., STSS, meningitis, NF, pneumonia, or bacteremia), emm type (1, 3, or 12), or underlying condition (i.e., skin condition, chronic illness, or immunosuppression) were all independent predictors of an increased risk of death (table 5) . Male sex was an independent predictor of a reduced risk of death. No statistically significant 2-way interactions were found.
DISCUSSION
Invasive GAS infection is a significant cause of morbidity and mortality in the United States, with 8950-11,500 episodes and 1050-1850 deaths each year. The rates of disease are highest among children aged !1 year and persons aged у65 years. Because 91% of case patients are hospitalized, invasive GAS infection also places a significant burden on the health care system. No other data source in the United States provides such an extensive, current description of the frequency of severe disease manifestations of this pathogen. Our findings help address recurrent concerns among health care providers, epidemiologists, and sometimes the general public regarding perceived increases in deadly manifestations of severe GAS infections in the United States. Although rates vary among smaller communities, our study found that the incidence and mortality rate of invasive GAS infections in the United States have remained relatively stable from 1996 to 2004. The overall incidence of 3.5 cases per 100,000 persons is consistent with rates found in Canada (3.8 cases per 100,000 persons) [16] and several European countries, including The Netherlands (3.1 cases per 100,000 persons), Norway (3.3 cases per 100,000 persons), and the United Kingdom (3.5-3.6 cases per 100,000 persons) [17] . This relative stability in disease incidence contrasts with the epidemiology of invasive GAS disease in the 1980s and early 1990s, when reports from the United States suggested an increasing severity of infection, accompanied by a potential concurrent increase in incidence [18, 19] , although this increase was difficult to confirm because of the limited population-based longitudinal surveillance.
Invasive GAS infection rates varied both among geographically disparate ABCs sites and within sites over time. Such inter-and intrasite variations have been found previously in the United States [1] , Canada [16] , and Europe [17] and can be attributed partially to differences found in circulating emm types and in the population's susceptibility to a particular emm type over time. Variations may also be due to site-to-site differences in the prevalence of risk factors for invasive GAS infection, including chronic diseases (e.g., HIV infection, diabetes, cardiac disease, cancer, and substance abuse), race, and number of persons living in the home [20, 21] . In our study, rates of underlying medical conditions-in particular, those related to behaviors such as alcohol and drug abuse-varied widely between sites. [7] . a Among patients with a typed isolate. b The n value represents the number of patients with an isolate available. The rate of invasive GAS infection among all children aged !5 years was 3.4 cases per 100,000 persons, and the rate among all adults aged у65 years was 9.4 cases per 100,000 persons.
Although stable over time, rates of invasive GAS infection measured by ABCs are likely minimum estimates, because ABCs does not capture invasive infections without sterile site isolates unless they are manifested by STSS and NF. A previous study compared the number of patients with STSS and/or NF reported via standard ABCs methods with the number identified through comprehensive chart review, with subsequent reclassification of patients with STSS or NF according to required clinical and laboratory criteria. Patients with invasive infection presented with STSS and NF at least twice as frequently as recognized by standard ABCs methods [22] .
We kept our methods similar to those of the 1995-1999 analysis to allow direct comparisons [1] . Significant differences include additional variables in the predictors of death model (i.e., nursing home, underlying illness, and sex); a new syndrome consisting of epiglottitis and otitis media, which were previously classified under the category of "other" syndrome; an expanded definition of the underlying condition termed "skin" to include blunt or penetrating trauma and surgical wounds-data not previously collected; and a change in definition of nosocomial infection (reduced from 3 to 2 days after hospital admission to the date of culture positivity).
Identification of factors associated with mortality can guide disease-prevention efforts. Vaccines developed to prevent invasive GAS infections should include emm types 1, 3, and 12. The increased risk of death among the elderly, persons with certain underlying diseases, and those residing in a nursing home highlights the importance of following infection control guidelines for long-term care facilities and suggests a potential target population for immunization should a GAS vaccine be shown to be effective in the elderly and licensed for use for this age group. We are unable to explain the apparent protective effect of being male and acknowledge that there may be confounders for which we were unable to control.
Current strategies for preventing morbidity and mortality resulting from invasive GAS infections are limited to promoting routine infection control, healthy behaviors and practices, and preventing secondary cases among postpartum and postsurgical patients [23] . We estimate that a proposed 26-valent GAS vaccine could prevent 40%-50% of cases and 50%-60% of deaths due to invasive GAS infections among children and elderly persons, respectively, in the United States. These may be overestimates, because we assumed vaccination of both infants and the elderly, used immunogenicity data from healthy adults, which may not be an adequate proxy for vaccine efficacy, and used coverage estimates based on other vaccines. However, our estimates also do not include a possible benefit resulting from herd immunity. Stability of the distribution of emm types over time is essential for successful prevention by vaccination.
Although invasive infections comprise only a small proportion of the total burden of GAS disease, they include a significant proportion of GAS-associated morbidity and mortality in the United States. In industrialized countries, the development and introduction of a GAS vaccine is likely to be driven by the burden of noninvasive disease-specifically, pharyngitis in children. The proposed 26-valent GAS vaccine includes immunogens for 86% of GAS isolates obtained from acute pharyngitis surveillance in the United States [24] . Nonsuppurative sequelae, such as acute rheumatic fever, may also be prevented by a GAS vaccine. The limited information available from developing and middle-income countries on the distribution of emm and clonal types, for both invasive and noninvasive GAS disease, show increased diversity and different emm types, compared with distribution in the United States [25] [26] [27] [28] . NOTE. Data from New York were excluded, because deaths were associated with HIV infection/AIDS were not reported.
a Includes burns, varicella, and wounds.
Rapid advances in vaccine technology, particularly the possibility of a protein-based vaccine that may eliminate the need for multivalent conjugate preparations, are promising [24] . Meanwhile, continued surveillance is essential to document disease burden, monitor changes in emm distribution, guide public health prevention activities, identify target populations for vaccination, and provide data for vaccine cost-benefit analyses. The World Health Organization has plans to develop international standards for GAS surveillance, to generate disease burden estimates in multiple countries. This will be important to guide design of vaccines that could have global utility.
